Introduction
Experimental results of WILKs and LUND (4) show that filling isolated Avena coleoptiles taken from seedlings 34 to 36 mm. long with Shive's solution reduces the longitudinal electrical polarity from a maximum of 60 to less than 10 millivolts. When the solution is removed from the inside of the sheath, the original electrical polarity promptly reappears. These observations were presented as proof of internal shunting of some of the polar units which contribute to the longitudinal electrical polarity of the isolated coleoptile. Previously reported data also show that geotropic curvature of the Avena coleoptile is inhibited by filling the internal cylinder with an electrolyte such as Shive's solution (3) . The degree of inhibition is directly dependent on the concentration and specific conductance of the solution used. If it could be demonstrated that such inhibition of curvature is due exclusively to the shunting effect of the electrolyte, then it would appear that an inherent electrical field is a prerequisite for growth curvature responses.
In the present paper data are presented to show the effects of solutions of various monovalent cations (Li, Na, K) on geotropic curvature in an attempt to distinguish between the specific effects of concentration and conductance. These ions were selected because equal concentrations of LiCl, NaCl, and KCI should have different shunting effects depending on their equivalent conductances.
Materials and method Etiolated seedlings of Avena sativa, Victory Strain (U. S. Department of Agriculture C.I. 2020) were grown and prepared as indicated in previous publications (2, 3) . The coleoptiles, which were used in these experiments, were isolated from intact seedlings that were 30 ± 1 mm. long, perfectly straight, and had a well developed root system. A cut was made all the way around the coleoptile about 5 mm. apical to the seed so that the leaves could be pulled out of the basal end. The coleoptile cylinders were filled with one of the various solutions by the use of a hypodermic syringe with a needle tapered to fit snugly into the basal end of the sheath. This technique made it possible to force the solution slowly into the entire length of the coleoptile without excessive mechanical stimulation since only the most basal cells came in contact with the needle. After filling, the coleoptiles were placed in glass holders such as shown in the inset of figure 1 and were permitted to remain undisturbed in the vertical position for one hour to recover from any mechanical stimulation of handling. At the end of this time they were placed in the horizontal position for the indicated duration. Geotropic curvatures were measured by following the vertical tip movement with an ocular micrometer or by determining the angular curvature at the end of the experiment. Angular curvatures were measured by the method of JUDKINS (1) or by making shadowgraphs which were proj ected, and the angles were measured with a protractor.
Electrical conductances of the solutions were measured in the standard way using a Kohlrausch Slide Wire (Leeds and Northrup number 4258) arrangement and the typical conductivity cell. All conductance determinations were made at 250 C and all experiments were performed at the same temperature.
Experimental results Curve I in figure 1 show the geotropic response of coleoptiles that were filled with 0.01 normal solutions of LiCl, NaCl, and KCl respectively. The values of the specific conductances given in this paper are more accurate than the values given for concentrations. No extraordinary precautions were taken in preparing the stock solutions and the various dilutions, but the conductivity determinations were verified to be accurate to within ± 1 %.
It is noted from curves III and IV and the corresponding angular curvatures that 0.01 normal NaCl and KCl solutions both inhibit geotropic curvature, but the degree of inhibition of the two solutions is practically identical which means that the extent of inhibition is the same In the next series of experiments the coleoptiles were filled with 0.05 normal solutions of the same salts. The results are given by curves Ila, Illa, and IVa. In general, these curves and the corresponding angular curvatures show that the zone of curvature is kept closer to the apex by this concentration than by the previous one. This observation is interpreted to indicate that the location of the initial bending region is to some extent dependent on concentration and specific conductance as well as the nature of the salt used. Curves Illa (NaCl) and IVa (KCl) are again practically identical. The specific conductances of the NaCl and KCI solutions were 0.00564 and 0.00706 respectively. It is relevant to note that 0.05 normal NaCl and KCl solutions give about the same average angular curvature as 0.01 normal solutions, even though there is about a fourfold difference in the specific conductances. Coleoptiles filled with 0.05 normal LiCl solution with a specific conductance of 0.0046 (curve Ila) show only very slight geotropic bending which indicates that LiCl has extensive effects on curvature responses which are not directly dependent on the specific conductance of the solution.
Curves IlIb and IVb and corresponding angular curvatures show the inhibitory effects of filling the coleoptiles with 0.1 normal solutions of NaCl and KCl with specific conductances of 0.0106 and 0.0128, respectively (Handbook of Chemistry and Physics). These solutions have a more pronounced inhibitory effect than the next more dilute, but the differences between the curves IIlb and IVb and the corresponding angular curvatures are not considered significant. The data in table I are presented to analyze further the possible relationship of specific conductance to curvature. The first four lines in the table show the effects of the various salts in the holders only while the coleoptiles were filled with air. In these experiments the plants were left in the horizontal position for 90 minutes and only angular measurements were made using the shadowgraph technique. It was unnecessary to measure the apex displacement in this series of experiments because the average distance between the curved region and the apex is independent of the salt used when the plants are left in the horizontal position for 90 minutes. When the holders are filled with distilled water and the cylinders are filled with air, the average geotropic curvature obtained is 52.9°. Filling the holders with solutions of LiCl, NaCl, and KCI with the indicated conductances causes slight inhibition of upward curvature. When both the holders and coleoptiles are filled as noted in the table, LiCl effectively inhibits geotropism. The inhibitory effect of this concentration occurs largely during the last 30 minutes in the horizontal position rather than during the first 60 minutes. Comparison may be made with the angular curvatures corresponding to curves II, III, and IV in figure 1. Since the conductance of the LiCl solution is less than that of NaCl or KCI solutions, it is further apparent that the inhibitory effect of LiCl is due to properties other than the specific conductance of the solution. The data in the last three lines of table I were obtained from a series of experiments which duplicate those represented by curves II, III, and IV in figure 1. Comparison of the angular curvatures attained after 60 and 90 minutes in the horizontal position when the coleoptiles were filled with 0.01 normal NaCl solution reveals another interesting phenomenon. Data in figure 1 and table I show that after 60 minutes in the horizontal position, geotropic curvature of coleoptiles filled with 0.01 normal NaCl solution is significantly inhibited. When the plants are left in the horizontal position for 90 minutes, the inhibitory effect of the NaCl disappears and the coleoptiles attain the same magnitude of curvature inanifested by the controls. Similarly, there appears to be at least a partial recovrery from curvature inhibition due to 0.01 normal KCl during the last 30 minutes in the horizontal position. Figure 2 presents summary curves in which average degrees of curvature obtained in 60 minutes are plotted against the specific conductances of the various solutions used. It is at once apparent that as the conductance of each solution is increased, the magnitude of geotropic curvature inhibition also becomes greater, but the increase of inhibition caused by increasing the NaCl and KCl solutions from 0.01 to 0.05 normal is very slight. indicate a direct relationship between the exclusive property of specific conductance and the magnitude of curvature inhibition. Actually, however, the difference between 27.8 and 26.1 degrees (NaCl and KCl) is not significant as determined by the t test so the indicated relationship is not valid. Curve II shows the inhibitory effects of LiCl which are also dependent on specific conductance and concentration. Comparison of this curve to curves III and IV further emphasizes the special LiCl effect wlhich was previously noted.
Discussion
In a previous paper (3) is was demonstrated that inhibition of geotropic curvature is dependent on the concentration and specific conductance, but is not dependent on the osmotic pressure of the solution with which the coleoptiles were filled. Glycerol and various dilutions of Shive's solution were used in the former experiments. The data in the present paper are in general agreement with the previous results. When the solution concentrations of LiCl, NaCl, and KCl are increased from 0.01 normal to 0.1 normal, the magnitude of inhibition of geotropic curvature is extended for each of the salts. The specific conductance of these solutions also increases with concentration.
In figure 2 the inhibition of geotropic curvature is related to the exclusive property of specific conductance. The magnitude of inhibition appears not to be a function of the selected characteristic of specific conductance of the various concentrations of the solutions that were used to fill the coleoptiles. The conductance effects apparently are masked by different types of responses to the individual electrolytes that were used.
A striking phenomenon observed in these experiments is the extensive inhibitory effect of the LiCl solutions, which also is not a function of the exclusive property of specific conductance. The possible implications of this observation are not apparent at present, but it would appear worthwhile, in this connection, to investigate the effects of LiCl on the bioelectrical properties of the Avena coleoptile. Summary Experiments were performed to test the effects of various concentrations and specific conductances of LiCl, NaCl, and KCl on the geotropic curvature of the Avena coleoptile.
The magnitude of curvature inhibition is enhanced as the solution concentration and specific conductance of a given salt are increased, but the extent of curvature inhibition is not directly dependent on the exclusive property of specific conductance of solutions of LiCl, NaCl, and KCl from 0.01 to 0.1 normal.
Except for the 0.01 N solution, when the coleoptiles were stimulated for 60 minutes, LiCl proved to be the most effective inhibitor of geotropic curvature. This effect appears to be due to a property of LiCl other than its specific conductance. This project was supported by the University of Texas Research Institute. The Avena seeds were generously supplied by the U. S. Department of Agriculture.
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